Objective: To examine how well respiratory rate correlates with arterial oxygen saturation status as measured by pulse oximetry, and determine whether respiratory rate measurements detect oxygen desaturation reliably. Methods: Respiratory rate (RR) and oxygen saturation (SaO,) were measured prospectively on 12 096 consecutive adult emergency department triage patients at a university medical center. Respiratory rate was measured by counting ausculated breath sounds for 1 min. Pulse oximetry was used to measure SaO,.
Introduction
Respiratory rate (RR) is one of the four standard vital signs and is used routinely to screen patients for cardiopulmonary disease and gas exchange abnormalities.
Unfortunately, RR measurements are unreliable and are often assessed inaccurately (l-3). The measurement process itself can introduce artifacts that change the underlying rate, and lead to further errors in assessment (1,4). Furthermore, RR is influenced by a variety of stimuli, many of which are not related to cardiopulmonary function and gas exchange (5).
Pulse oximetry could potentially be a more efficient screening tool, supplementing or perhaps replacing RR as the 'pulmonary vital sign'. Modern pulse oximeters provide accurate and non-invasive measurements of arterial oxygen saturation (6). Such devices are simple to use, measure normal oxygen saturations accurately in most patients and detect desaturations reliably under a variety of conditions (7) (8) (9) (10) (11) . Numerous studies document the utility of pulse oximetry in special patient subgroups (12) (13) (14) (15) (16) while recent technical advances make low-cost routine screening possible (17) .
The reliability and simplicity of pulse oximetry have lead some to promote its use as a fifth vital sign (18). However, routine pulse oximetry screening has not been evaluated carefully. Before this technology was used on a widespread basis, careful studies are needed to delineate the benefit and pitfalls of its use.
This prospective study was designed to examine how closely RR measurements correlate with arterial oxygen saturation status. In addition, patients with impaired oxygen saturation were examined to determine how frequently they exhibited increased RRs and, in a similar fashion, patients exhibiting increased RRs were evaluated to determine whether they suffered impaired oxygen saturation. This information was used to determine whether pulse oximetry could identify individuals who respire at normal rates, yet exhibit impaired oxygen saturation. et al.
Methods

PATIENT SELECTION
This study was conducted at a university hospital emergency department (ED) between 28 November 1993 and 9 June 1994. All patients presenting to emergency triage were enrolled.
The study was concluded after 14 657 consecutive patients were enrolled. Results for the 12 096 adult patients (age 2 18 years) are included in this report. The study was approved and waiver of informed consent was granted by the Human Subjects Review Board at the authors' institution.
TRIAGE ASSESSMENT AND MEASUREMENT PROTOCOL
Triage nurses assessed patients and measured the RR and oxygen saturation on each individual. Patients were asked to rest while the triage nurse measured their RR by placing a stethoscope on the patient's chest wall and counting ausculated breath sounds for 1 min. The nurses then measured oxygen saturation using a Nellcor N-20 pulse oximeter. This portable oximeter measures the absorption of red and infra-red light signals until five valid pulses are detected, and then reports a single oxygen saturation (17). The device was not used as a continuous pulse oximeter. The oximeter can be used with a variety of re-usable sensors that measure oxygen saturation on the fingers, toes and earlobes. Fingers were designated as the preferred site for pulse oximetry measurement, followed by toes and earlobes.
Each patient was assigned a unique identification number. This number, along with age, sex, RR, pulse oximetry measurement and discharge diagnosis were entered in the study database.
Patients were excluded from the study if they bypassed triage and were judged by either the triage nurse or pre-hospital personnel to be in need of immediate resuscitation or medical intervention. Patients were also excluded if the triage nurse was unable to measure RR or pulse oximetry according to study protocols. Individuals excluded on the basis of protocol violation include those unable to rest during RR measurements (i.e. crying patients, delusional psychotics, uncooperative patients, etc.), as well as patients in whom nurses were unable to measure oxygen saturation at one of the designated sites.
DATA ANALYSIS Measurements were analysed by age (with one group for 18-19 year olds, groups for every 10yr from age 20 to age 60, and groups for every 5 yr for subsequent ages). Pearson product moment group as well as the weighted average coefficient. Cases having significant oxygen desaturation (defined as a saturation in the lowest five percentile of each age group) were examined to determine how frequently they exhibited increased RR (defined as any rate in the upper five percentile of each age group). Cases with oxygen saturations below 90% were also examined to determine how frequently they exhibited increased RR.
Results
A total of 17 383 patients presented to the ED during the study period. One thousand seven hundred and one patients bypassed triage to undergo immediate resuscitation and evaluation. Triage nurses were unable to measure RRs or oxygen saturation accurately on 1013 patients (6.5%). Triage RR and pulse oximetry measurements were obtained on 14 657 patients, of whom 2561 were under 18. The remaining 12 096 individuals form the study population with 6416 females (53.0%) and 5680 males (47.0%). Ages ranged from 18 to 104 years (mean 42 years). Table 1 summarises the relationship between RR and pulse oximetry. The table lists, by age, the correlation coefficient for each group. Pearson product moment correlation coefficients range from 0.379 to -0.465 with a weighted mean of -0.160. Coefficients for ages less than 70 years (representing 10 457 patients) all had a magnitude of less than 0.252. Table 2 lists, by age, the number of individuals in each group, the mean RR (and standard deviation) for each group, the RR marking the upper 5% of all correlation coefficients were calculated for each age RRs for the group, and the oxygen saturation level Overall, only 19.4% of patients with oxygen saturation measurements in the lowest 5% exhibited RRs in the upper 5%, and only 18.2% of the patients with increased RRs manifest a similar degree of oxygen desaturation.
Of the 697 patients exhibiting RRs in the upper five percentile for their age, only 56 (8.0%) had oxygen saturation values less than 90%.
Respiratory rate measurements for patients having oxygen saturations below 90% (in terms of oximetry measurements, not percentile ranking) are detailed in Table 3 . The table lists, by age, the number of individuals in each group and the number (and percent) of cases having oxygen saturations below 90%. The table also documents the number of cases exhibiting both oxygen saturation below 90% and a RR in the upper 5% for their age group. The final column in the table gives the number (and percent) of cases having oxygen saturations below 90% but exhibiting RRs lower than the average rate for their age group.
Oxygen saturations below 90% were measured in only 1.4% of all cases. Thirty-three percent of these The 171 cases with oxygen saturation below 90% were given 188 diagnoses. Pneumonia, the most frequent diagnosis, was given to 27 individuals, 19 (70%) of whom had increased RRs. Increased RRs were also found in four of 21 (19%) individuals with sickle cell crises; seven of 19 (37%) patients with chronic obstructive pulmonary disease (COPD), emphysema or chronic bronchitis; 10 of 16 (63%) cases having congestive heart failure; six of 11 (55%) asthmatics; and one of nine (11%) patients with congenital heart disease (all congenital heart disease patients had other primary diagnoses). Table 4 details the diagnoses given to individuals in the statistical extremes of the population.
The table lists, in decreasing frequency, the clinical diagnoses given to individuals exhibiting oxygen saturation in the lowest five percentile, RR in the upper five percentile, or both. There were 667 clinical diagnoses given to 582 individuals who exhibited oxygen saturations in the lowest five percentile for their age. Several important cardiopulmonary diagnoses were seen infrequently and were counted in the 'other' category. These diagnoses include pleural effusion, atria1 arrhythmias, allergic reactions and anaphylaxis, pulmonary embolism and congenital heart disease (all congenital heart disease patients had additional primary diagnoses). Twenty-nine individuals eloped prior to receiving diagnoses.
The second column of Table 4 indicates how 697 diagnoses were distributed among the 621 individuals having RRs in the upper five percentile for their age. Other important cardiopulmonary diagnoses were seen infrequently among these patients. Of this group, 23 individuals eloped before receiving diagnoses.
The final column of Table 4 lists the 132 diagnoses given to 113 individuals having pulse oximetry measurements in the lowest five percentile, as well as RRs in the upper five percentile for their age. The numbers in parentheses indicate what percent of the cases having decreased oxygen saturation also exhibited increased RRs. Important cardiopulmonary diagnoses infrequently given to these patients include pleural effusion, allergic reactions and anaphylaxis, and pulmonary embolism. A single congenital heart disease patient was also given an additional primary diagnosis. No individuals with atria1 arrhythmias were found among these patients. In this group, three individuals eloped before receiving diagnoses. As indicated in Table 4 . This reflects the overall frequency of this diagnosis in the total population where it was found in 27% of cases. The 56 minor trauma victims having oxygen desaturation represent only 1.7% of all trauma cases, while the 59 individuals with increased RRs represent 1.8%. Interestingly, minor trauma presented frequently with either oxygen desaturation (56 cases) or increased RR (59 cases) but seldom both (1 case).
Discussion
Determining the optimal management of patients with cardiopulmonary disease often depends on accurate diagnosis and the need for oxygen therapy. Classically, RR is used to screen for significant gas exchange abnormalities, and identify individuals who might benefit from supplemental oxygen administration. Unfortunately, accurate RR is difficult to perform and is neither sensitive nor specific (1,2). Pulse oximetry produces reliable oxygen saturation information and provides a more direct screen for cardiopulmonary disease and gas exchange abnormalities, but has not yet been shown to provide an advantage over RR measurements alone.
This study examined pulse oximetry to determine whether routine screening yields useful information which is not provided by RR measurements, or whether the two methodologies provide redundant information.
If oxygen saturation measurements yield additional information and increase screening efficacy, routine pulse oximetry screening may be justified.
In analysing the present data, the study population was divided into specific age groups. It is known that RR and oxygen saturation values vary by age, thus calculating a single correlation coefficient over all age groups would underestimate any relationship.
To overcome the confounding effects of age, the correlation coefficients for individual age groups were computed and the weighted average coefficient was used to represent the overall relationship.
With the exception of a few outliers (representing small populations), the correlation coefficients were of small magnitude, while the weighted average coefficient of -0.162 indicates a weak inverse relationship between oxygen saturation and RR. This weak correlation suggests that RR is heavily influenced by factors other than arterial oxygen saturation, a finding consistent with other studies (5,19) .
Further indications of a weak relationship between RR and oxygen saturation come from data taken from the extremes of the study population.
It was reasoned that if RR and oxygen saturation are closely related, individuals with desaturation will exhibit comparable increases in RR and vice versa. Allowing for age-related variations, RRs were first examined among patients having oxygen saturation in the lowest five percentile. Only 19.4% of these individuals exhibited comparable increases in RR. Focusing on the cases with clinically significant desaturation revealed that only 33% of individuals with oxygen saturation below 90% exhibited increased RRs, while 19% of these same patients had RRs that were lower than normal. These findings imply that RRs are unreliable in determining which patients are in greatest need of supplemental oxygen.
It was also found that RRs were elevated frequently in individuals with normal oxygen saturation. Only 18.2% of patients with increased RR showed a comparable decreased oxygen saturation (i.e. in the lowest five percentile), and only 8% had clinically significant desaturation (i.e. saturation below 90%). These findings suggest that RR lacks specificity in identifying patients who might benefit from supplemental oxygen administration.
These data indicate that RR also has poor diagnostic specificity.
Patients with minor trauma, abdominal pain, fever, sepsis, soft-tissue infections, urinary tract infections, pyelonephritis and headaches were likely to present with increased RRs without concomitant oxygen desaturation. Some of these individuals may have metabolic abnormalities that stimulate increased ventilation, and RR may be superior to pulse oximetry in identifying this subset of patients. However, it is likely that the increased rates observed in most of these individuals are due to pain and anxiety and do not require specific therapeutic interventions.
Furthermore, diagnostic information in Table 4 reveals that RR often fails to identify individuals with serious cardiopulmonary diseases who could benefit from supplemental oxygen administration.
Accurate respiratory measurements were crucial to the RR and pulse oximetry comparisons. Inaccurate rates would magnify the utility of pulse oximetry by biasing correlation calculations and altering physician impressions and final diagnoses. The authors took pains to ensure reliable RR measurements and the routine counting of accurate RR was the most tedious portion of this study. Despite accurate RR measurements, poor correlation was found between RR and oxygen saturation measurements, as well as poor sensitivity and specificity. This implies that RR alone is not a reliable screen for significant cardiopulmonary disease, a finding confirmed by other investigators (20) (21) (22) .
LIMITATIONS AND GENERALISABILITY
This study was designed to examine the relationship between RR and oxygen saturation as measured by pulse oximetry. As a result of this design, it was not possible to draw conclusions regarding some aspects of pulse oximetry, such as specific values of sensitivity or specificity, nor can the efficacy of this measurement in identifying specific illnesses among the emergency triage population be commented on. Clinical diagnoses were used as an outcome measure and, to the extent that such diagnoses are correct, these findings will be accurate. On the other hand, clinical diagnoses are the standard that physicians use in treating their patients, so these results can be expected to have direct relevance to clinical medicine.
This study was not designed to determine the quantitative impact of routine triage pulse oximetry. This will depend on how useful pulse oximetry measurements are to clinicians, and whether pulse oximetry will induce clinicians to modify medical decisions and provide better patient care. These issues cannot be addressed by this study. However, it seems reasonable to assume that clinicians will provide better care when given accurate and reliable information.
Oxygen saturation values provided by pulse oximetry should provide such information.
It is also important to emphasise that the present study examines individuals presenting with acute medical problems, and thus represents a skewed segment of the general population.
Hence, care should be taken in assigning significance to the upper 95 percentile respiratory rates and lower five percentile oxygen saturation values. These measurements were developed for specific and limited statistical purposes and are not intended to have clinical significance beyond this study. In particular, these values should not be used to clinically segregate normal from abnormal individuals.
The external validity of any study, including this study, depends on the population being examined.
Thus, for example, the prominent position of sickle cell crises in Table 4 reflects the relatively high prevalence of sickle cell disease in this emergency population. Clinicians caring for populations similar to this study population will find similar relationships, while physicians caring for younger or healthier populations may find less use for oximetry measurements.
As critically ill and unstable patients who bypassed triage assessment were excluded, the present study population consisted mainly of ambulatory patients presenting with acute medical problems. Thus, the authors feel confident in generalising the qualitative results to other acute care settings such as urgent care clinics and ambulatory care centers. The authors are less confident in extending these results to general primary care settings. However, the ease of incorporating pulse oximetry measurements and its insignificant cost suggest that it should be used as a 'fifth vital sign' when evaluating either unselected patients presenting with illness or those at higher risk of cardiopulmonary disease. Finally, it is important that clinicians understand the limitations of pulse oximetry, and interpret normal or abnormal values in light of these limitations. A variety of conditions can produce spurious oximetry readings and conditions other than gas exchange abnormalities may alter pulse oximetry readings (6). Systemic vascular resistance or decreased cardiac output can produce decreased peripheral perfusion and subsequent local oxygen desaturation (10). Also, while oximeters are generally reliable in identifying desaturation, they are less reliable in assessing the degree of desaturation and the need for supplemental oxygen accurately (9). A detailed review of the limitations of pulse oximetry is beyond the scope of this article, but has been completed by others (6). Identifying the specific cause of desaturation is essential for accurate diagnosis and optimal care.
Conclusion
The present data demonstrate that RR does not screen reliably for oxygen desaturation, is not closely correlated with pulse oximetry measurements, and that pulse oximetry and RR measurement do not provide redundant information.
Pulse oximetry technology has matured to the stage where it is available for widespread application and appears to be a useful tool in screening for cardiopulmonary disease and gas exchange abnormalities. their participation in this study and for implementing 12. the protocols. This study was supported in part by a grant from Nellcor Incorporated.
